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SPECIFICATION

[TITLE OF THE INVENTION] NON-ADJUSTMENT OPTICAL CONNECTOR

[ABSTRACT]

[Object] The present invention aims to provide a non-adjustment

optical connector used to connect various optical elements,

such as a light-emitting element, a light-receiving element,

and an optical transmission line, together. The present

invention is applicable to all optical modules, such as an

optical connector that connects optical fibers together and.

a coupling module for coupling between a semiconductor laser

or an optical circuit and an optical fiber, an optical printed

l



board in which an optical connection is required between an

individual micro-optical element and an optical waveguide

substrate, a hybrid optical integrated circuit, an optical

arithmetic circuit, etc.

[Construction] A non-adjustment optical connector

characterized by being constructed such that a projection or

a hollow is automatically formed at a -focal point of a lens

or at a core part of an end face of an optical- waveguide and

is optically connected to, without adjustment, an end face of

an optical fiber whose core has a hollow or a projection.

[WHAT IS. CLAIMED IS:]

[Claim 1] A non-adjustment optical connector. is constructed

such that a projection or a hollow is automatically formed at

a focal point of a lens or at a- core part of an end face of

an optical waveguide and is optically connected to, without

adjustment, an end face of an optical fiber whose core has a

hollow or. a projection.

[Claim 2] A non-adjustment optical connector as set forth in

Claim 1, wherein a lens'substrate or the optical waveguide that

is optically connected to the optical fiber is provided with

a guide groove that guides the optical fiber in the vicinity

of the- connector

.

[Claim 3] A non-adjustment optical connector as set forth in

2



Claim 1, wherein a lens array in which a plurality of

micro-lenses are consecutively arranged in array form and an

optical fiber array in. which a plurality of optical fibers that

are optically connected to the lens array are consecutively

arranged in array form are disposed such that a projection and

a hollow formed on abutting end faces thereof are caused to

face each other, and these are optically connected together

without adjustment.

[DETAILED DESCRIPTION OF THE INVENTION]

[0001]

[Field of the Invention] The present invention relates to a

non-adjustment optical connector used to connect various

optical elements, such as. a^ light-emitting element, a

light-receiving element, and an optical transmission line,

together. ' The .field of the invention is every optical module,'

such as an optical connector that connects optical fibers

together or a coupling module for coupling between a

semiconductor laser or an optical circuit and an optical fiber,

.an optical printed board in which an optical connection is

required between an individual micro-optical element and an

optical waveguide substrate, a hybrid optical integrated

circuit, an optical arithmetic circuit, etc.

[0002]
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[Prior Art] Fiber optics communication has superior features,

such as a large capacity and high speed, and is basic technology

that supports a modern information society. Although up until

now it has been chiefly introduced into, a main system or a relay

system of telephone lines, it is considered that it will be

introduced into an optical LAN or a subscriber lqop in the near

future and rapidly increase the quantity of information managed.

Since the number of transmission systems to be used will

incommensurably increase in these next-generation, optical

communications, there is a need to realize mass production and

low cost while maintaining high performance. The optical

transmission system is constructed of a great many optical

transmission circuits and optical elements, and a -high-

efficiency optical connection between. these elements is an

indispensable technique to construct the system.

[0003]

[Problems to be Solved by the Invention] However, under the

present situation, in order-to highly efficiently perform an

optical connection especially between elements and between an

optical fiber and an optical element, there is a need to

precisely adjust the positions of the elements. However, this

requires a great amount of manpower and man-hours, which

prevents the system from being supplied in great quantities

4



and at low cost. Additionally, in accordance with an increase

in the quantity of information in recent years, parallel

optical transmission-that uses several tens of optical fibers

to one hundred or more optical fibers has been put into

practical use. However, since an array of optical elements

must be connected together by bundling in ' constructing a

parallel optical system, this problem increasingly becomes

serious.

[0004] .

[Means for Solving the Problems] The present invention relates

to a non-adjustment optical connector that makes it unnecessary

or simple to perform precise positional adjustment, which is

required to highly efficiently perform an optical connection,

and that is also - applicable . to a complex optical connection

such as a parallel optical connection.

[0005] The non-adjustment optical connector of the present

invention is a non-adjustment optical connector capable of

performing an • optical connection without adjustment by

automatically forming a projection and a hollow having a size

of several microns by light, i.e., automatically forming

micro-optical connectors at a light condensing position of a

lens, at a core -of an optical waveguide or an optical fiber,

and at a part where optical power of other micro-optical

5



elements is gathered and by connecting these together.

However, since it is difficult to manually connect these

micro-^connectors by themselves, it is effective and necessary

to provide a guide mechanism, such as a groove or a hole, that

guides optical, fibers -or optical part's in the vicinity of a

connector that is an optical connection position.

[0006]

[Embodiment] An embodiment of the non-adjustment optical

connector of the present invention will be described with

reference to the drawings. Figs. 1(A) to 1 (C) show connection

examples in which a connection is performed between a

micro-lens 1, such as a flat plate micro-lens 1A, a convex lens

IB, or a rod lens 1C, and an optical fiber 2. As shown in Fig.

1, in the present invention, an example is shown in which-

a

..projection 3 is formed. on a lens substrate 1, and a hollow 4

is formed in the optical fiber 2. The projection 3 on the lens

substrate 1 or the hollow 4 is formed at a focal, point, whereas

the core of the optical fiber is formed so as to be recessed

or projected. When the lens substrate 1 and the optical fiber

2 are connected together, light emitted from the optical fiber

2 is automatically converted into collimated light by the lens

1. As shown in Figs. 2(A) and 2 (B) , the optical connector of

the present invention is applicable in the same way when the

6



lens 1 and the optical fiber 2 are provided in array form in

large numbers. An example in which the lens or a lens array

is provided with a guide mechanism that guides the optical fiber

2 is shown in Fig. 3. What is considered as a guide mechanism

is a mechanism in which a cross-shaped groove 7 .(Fig. 3(A))

or a hole 8 (Fig. 3(B)) is cut directly in" the lens substrate

1 in a mechanical or chemical technique or a mechanism in which

a hole 9 (Fig. -3(C) or a groove 10 (Fig. 3(D)) is formed in

a silicon substrate, etc., and is placed on the lens substrate

1. Additionally, examples of the application to a connection

between the optical fibers 2 and 2 and to an optical connection

between an optical . waveguide and an optical fiber are shown

in Fig. 4 and Fig. 5.

[0007] In Fig. 4, a projection 3 is formed on one end of an

optical fiber 2A, and a hollow 4 is formed on another optical,

fiber 2B that is butted against the optical fiber 2A, and. the

optical fibers 2A and. 2B are butted against each other and are

connected " together.
- Thereby, an optical connection can be

achieved in a state in which the projection 3 of the one optical

fiber 2A faces the hollow 4 formed at an end of the other optical

fiber 2B.

[0008] Fig. 5 shows an example
. of a connection between an

optical fiber and an optical waveguide. A plurality of cores
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12 are provided in the optical waveguide 11 . A guide mechanism

13 used to guide the optical fiber 2 is provided at an end of

the optical waveguide 11 in the vicinity of the plurality of

cores 12. A wave-shaped or rectangular groove 13A is formed

at an appropriate position of the guide mechanism 13. A

plurality of optical fibers 2, in an end of each of which .a

hollow 4 is formed, are disposed at a part of the groove 13A/

The plurality of optical fibers. 2. are guided by this groove

13A and are moved horizontally. The projection 3 of the core

12 of the optical waveguide 11 and the hollow 4 of the core

14 of the optical fiber 2 are butted against each other and

are connected together.

[0009] A description will be given of an embodiment of a method

for producing a connector between a flat plate micro-lens 1A

having a cross-shaped groove 7. as a guide groove and an optical

fiber 2. As shown in Figs. 6 (A) and 6(B) , a groove 16 is formed

crossed shape to the depth of a focal plane in a. back surface

of a substrate 1 of the flat plate micro-lens 1A with a machine

saw 15 such as a dicing saw. In this case, the intersection

part of the groove 16 corresponds to. a guide groove 17 of the

optical fiber 2.

[0010] The projection 3 of the optical connector is made of

photosensitive polyimide or photo-hardened resin-. As', a

8



forming means, the photosensitive resin is thinly applied to

the bottom surface of the guide groove 17 and -is exposed to

coherent light that is collimated from the lens surface side

of the flat plate micro-lens 1A. ' Thereby, only the resin at

the focal point is automatically exposed, is then hardened,

subjected to a processing procedure, and is formed as a

projection, as shown in Figs . 7 (A) to 7 (C) . However, the resin

is required to be small in optical absorption in the wavelength

range of light used for optical communications. On the other

/hand, the hollow of the optical fiber is formed by chemical

etching based on hydrofluoric acid, etc. In the etching, it

is generally known that the etching rate depends on a dopant

concentration in the optical fiber. As shown in Figs. 8(A)

and 8 (B) , only the position of the core 5 can be easily hollowed

merely by soaking the optical fiber in an etching agent 19.

The optical fiber 2 whose core has a hollow is inserted into,

a guide groove 17 produced through the above-mentioned process .

In this case, the additional precise positional adjustment of

the optical fiber 2 is never performed, but, in order to achieve

a smooth connection between the projection 3 and the hollow

4, it is effective to give slight vibrations to the. optical

fiber 2. Further, as shown in Figs'. 9(A), 9 (B.) , and 9(C), the

whole is fixed by hardened resin 18, etc If a transparent
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material having a refractive index near that of the flat plate

micro-lens substrate 1, that of the projection 3, or that of

the core 5 of the optical fiber. is selected for this resin 18,

optical scattering caused by small rugged parts of a surface

occurring.when the groove 16, the projection 3, and the hollow

4 are formed can be reduced to a negligible extent.

[0011] Although a description has been herein given of an

example in which collimated light is used for resin' exposure,

a projection can be produced at the position of the core if

use is made of light that travels through the optical fiber

2 and through the optical waveguide 11.

[0012]

[Action] An optical connection that has high accuracy and that

makes complex adjustment unnecessary can be achieved by forming

a micro-optical connector made up of the projection 3 and the

hollow 4 at the core 5 of the optical fiber 2 or at a

light-condensing position of -an optical element and by

connecting these together.

[0013] An optical connection between an element, such as the

lens 1 or the optical waveguide 11, and the optical fiber 2

can be performed easily and with high accuracy by using the

non-adjustment optical connector of the present invention.

t

The present invention can also be applied to a parallel optical
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connection. Figs. 10(A) to 10(C) show an example in which this

optical connector is applied to an optical-fiber coupling

connector, to a "coupling module between a semiconductor laser'

and an optical fiber, . or to . an optical printed board.

[0014] Fig. 10(A) shows an example in which a non-adjustment

optical connector is constructed by bonding two collimating

lenses 22 together, by providing projections 3 at optical-

axis positions on both side faces, and by connecting- the optical

fibers 2 and 2 having hollows 4 that are fitted to the

projections 3 together from both sides.

[0015] Fig. 10(B) shows a state in which a projection 3 is

provided at an optical-axis position on.one side of a flat plate

micro-lens 1A, and this is joined to an optical fiber 2 having

a hollow 4 to be connected to this, and a collimating lens 22

and a semiconductor • laser 23 are connected together by

interposing an isolator 21 onto the other side of a condensing

lens 20. Accordingly, •' the non-adjustment optical connector

of the present invention can also be applied to a coupling

module between an optical-fiber connection and a semiconductor

laser.

[0016] Fig. 10(c) shows an example in which the non-adjustment'

optical connector of the present invention is applied- to an

optical printed board. A projection 3 is provided at an

ii



emitted position of light 6 that travels through a waveguide

core 12 in- an optical printed board 25. The projection 3 is

joined to a rod lens 24 having a hollow 4 . Accordingly, emitted

light is converted into cpllimated light ' and can be made

incident on an optical component 26 placed on the rod lens 24.

[0017] Fig. 11 shows an example in which three optical fibers

are connected, showing that the present invention can be

actually embodied. This figure is to evaluate a coupling loss

to the optical fiber 2 obtained when collimated light is caused

to be made incident on the flat plate micro-lens 1A at various

angles. An excellent result was obtained, i.e.,- a variation

in the output from each fiber 2 was 5dB or less, and an excess

loss was lOdB.

[0018]

[Effects of the Invention] An industrially superior advantage

resides in" that an optical connection between an element, .such

as a lens or an optical waveguide, and an optical fiber can

be performed easily and with high accuracy and can also be

applied to a parallel optical connection by using " a non-

adjustment optical connector, in which a micro-optical

connector formed of a connected part of a projection and a

hollow of the present invention is automatically formed at a

core of an optical fiber or at a light-condensing position of

12
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an optical element.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[Fig. -1] Figs. 1 (A) , 1 (B) , and 1 (C) are explanatory drawings

that show an embodiment in which the optical connector of the

present invention is ' applied to a connection between a

micro-optical lens, such as a flat micro-lens, a convex lens,

'

or a rod lens, and an optical fiber.

[Fig. 2] Figs. 2(A) and 2 (B) are explanatory drawings that show

a connected state between a micro-lens array, such as a flat

micro-lens or a convex lens, and an optical fiber array. •

[Fig. 3]- Figs. "3(A), 3(B), 3(C), and 3(D) are explanatory

drawings that show an embodiment in which a guide mechanism

that guides an optical fiber in the vicinity of the optical

connector of the present invention. Figs. 3(A) and 3(B) show'

an example in which a groove or a hole is cut directly in a

lens substrate. Figs. 3(C) and 3 (D) show an example in which

a silicon substrate, etc., is provided with a groove or a hole

and is bonded with a lens substrate.

[Fig. 4] Fig. 4 is an explanatory drawing that shows an example

in which optical fibers are connected together.

[Fig. 5] Figs. 5(A) and 5(B) are a front view and a side view,

respectively, that show an example in which an optical fiber

and an optical waveguide are connected together.
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[Fig.. 6] Fig. 6(A) is a conceptual diagram of a step to cut

a cross-shaped- guide groove in a back surface of a flat

micro-lens substrate by use of a dicing saw (electric saw)-.

Fig. 6(B) is a perspective view of the groove produced above.

[Fig. 7] Fig. 7(A) is a conceptual diagram that shows an

exposure method for forming a.projection on a back surface of

a lens substrate, with a photo-hardened resin and shows a

projection formed thereby. Fig. 7(B) is a longitudinal

sectional view of the lens substrate.
.
Fig. 7 (C) is an enlarged

"photographic view of the projection.

[Fig. 8] Fig. 8(A) is a conceptual diagram in which a hollow

is formed at a position of a core of an optical-fiber end face.

Fig. 8(B) is a photographic view of a fiber and a hollow of

the core that have been produced.

[-Fig. 9] Fig. 9(A) is a sectional view that shows a joined part

of the non-adjustment optical connector of the present

invention. Fig. 9(B) is a sectional view, that shows a state

in which the joined part is fixed with a hardening resin. Fig.

9(C) is an enlarged sectional view of the joined part of Fig.

9(A) by a .microscope .

[Fig. 10] Fig. 10 (A) is a conceptual diagram that shows an

example of a structure of the non-adjustment optical connector

of the present invention. Fig. 10(B) is a conceptual diagram

14



that shows another embodiment of the non-adjustment optical

connector of the present invention. Fig. 10(C) is an

explanatory drawing of an embodiment in which the non-

adjustment optical connector of the present invention is

applied to an optical printed board.

[Fig. 11] Fig. 11 is an insertion-loss-characteristic-curve

view of each fiber obtained when three optical fibers are

connected to the non-adjustment optical connector of the

present invention.

[Description of Symbols]

1 Lens, substrate

1A Flat plate micro-lens

IB Convex lens

1C Rod lens

2 .Optical fiber

3 Projection

4 Hollow

5 Core

6 Waveguide light

7 Cross-shaped groove

8 Circular guide hole

9 Guide hole

10 V-shaped guide groove
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11 Optical waveguide

12
'

Gore

13 Guide mechanism

13A Groove

14 • Core ..

15 Dicing saw

16 Groove

17 Cross-shaped guide groove

18 Photosensitive polyimide or hardening resin

19 Etching agent

20 Light-condensing lens

21 Isolator

22 Collimating lens

23 Semiconductor laser

24 Collimating lens such as rod lens

25 Optical printed board

26 Optical component
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